Since the introduction of endoscopic brow lifting in the mid-1990s, it has become widely accepted as a method for rejuvenation of the upper third of the face. Despite the multitude of brow fixation techniques, there are few longterm studies providing accurate analysis of outcome. The aims of this investigation were to evaluate the long-term objective results of endoscopic brow lifting and to establish whether the technique of fixation altered the longevity of aesthetic outcome. The outcome of endoscopic brow lifts carried out on 538 consecutive patients over a 6-year period was assessed. For each patient, midpupil-to-brow distance was measured preoperatively and at intervals postoperatively. Two different fixation methods were compared: fibrin glue (n ϭ 189, group 1; 104 records available) and polydioxanone sutures tied through bone tunnels (n ϭ 349, group 2; 220 records available). In 214 patients, an upper lid blepharoplasty was performed simultaneously (85 in group 1 and 129 in group 2). At 1 month postoperatively, each fixation technique had produced a significant change in mean pupil to brow height (5.93 mm in group 1 and 6.21 mm in group 2, with no significant difference between the two methods; p ϭ 0.17). However, when measurements were compared more than 3 months postoperatively (mean, 9.4 months), there was a significant difference, with some relapse in the patients treated with fibrin glue (p Ͻ 0.01). However, in group 2 (tunnel fixation), measurements remained stable, with 6.21 mm at 1 month compared with 6.16 mm long term (no significant difference, p ϭ 0.34). In contrast, in group 1 (fibrin glue), measurements showed significant reduction, with a 1-month result of 5.93 mm and a long-term outcome of 3.79 mm (p Ͻ 0.01). Upper lid blepharoplasty had no effect on the long-term outcome of either group (p Ͼ 0.3 in group 1, p Ͼ 0.4 in group 2). Complications were few in both groups. In group 1, there was one infection, two instances of significant alopecia (both temporary), and one reoperation for relapse. In group 2, four patients required minor surgical revision of a lateral port scar and three minor areas of temporal alopecia, which recovered in less than 3 months. One patient had a paresis of the frontal branch that had recovered after 4 months.
The endoscopic brow lift is therefore a safe and effective technique for increasing mean pupil to brow height. Fixation with polydioxanone sutures tied through bone tunnels produces a significantly more stable result than fibrin glue, without greater risk. This lends weight to experimental evidence that periosteal fixation must be maintained for at least 6 weeks to be secure. (Plast. Reconstr. Surg. 113: 1242 Surg. 113: , 2004 In the space of a decade, since Isse's original description of his "endoforehead" procedure, 1 the technique has evolved from an experimental curiosity to broad general acceptance for effective rejuvenation of the upper third of the face. Initially skeptical of any "new" technique, the senior author's interest in pursuing endoscopic facial surgery was stimulated by conversations with Dr. Daniel Marchac (friend and mentor), who began using it in 1993. Between January of 1994 and August of 2000, 538 endoscopic brow lifts were carried out that form the basis of this study. All operations were performed by a single surgeon (Jones), who also recorded the data. Data collection, correlation of the information, and statistical analysis were retrospective and independent of the operating surgeon (Grover).
In all patients, a measurement of pupil-toeyebrow distance was recorded preoperatively and at postoperative follow-up visits. In the first 189 patients, brow fixation was with fibrin glue alone (Tisseal, Baxter Healthcare, Glendale, Calif.), but in the succeeding 349 patients, a suture fixation technique through bony tun-nels 2 was used. Since there was no other change in operative technique, this provided an opportunity to compare the efficacy of these techniques over time with few variable factors. Complications and ancillary procedures were also analyzed.
PATIENTS AND METHODS
In a 6-year period from January of 1994, 538 endoscopic brow lifts were carried out. In assessing the upper third of the face preoperatively, a note was made of the relationship between blepharochalasis and brow ptosis with periorbital aging. Vertical measurements were made of pupil-to-peak brow height directly on the patient in direct forward gaze (Fig. 1) . This allowed comparison with postoperative values in order to determine symmetry and to assist in deciding whether upper blepharoplasty, brow elevation, or a combination would confer most benefit. This peak brow height was rarely directly above the pupil, so calipers were used to obtain the horizontal plane of maximal brow height to which pupillary height was measured vertically. The presence and depth of glabellar and transverse forehead rhytids were noted, together with an assessment of levator and frontalis function. All measurements were made by the same individual (Jones) in a constant fashion throughout the study.
The surgical technique was based, with modifications, on that described by Ramirez. 3 The desired vector of eyebrow lift was marked preoperatively with the patient sitting. All operations were performed with the patient under general anesthesia. The hair was prepared using gel and not cut or shaved. In the anterior scalp, just posterior to the hairline, one central (sagittal) incision and two parasagittal incisions, centered above the previously marked vectors of elevation, were designed; each was 1 to 2 cm long. In the temporal hair, additional 2-cm-long incisions were marked, centered on a line joining the alar base and the lateral canthus (in patients undergoing a face lift, these were incorporated into an inverted L at the temple). A tumescent solution (100 cc) ( Table I) was infiltrated subperiosteally over the frontal region and beneath the temporoparietal fascia laterally to provide hydrodissection. Most of the surgical dissection was achieved using specially designed elevators (Snowden Pencer, Tucker, Ga.). The subperiosteal frontal dissection was blind to 2 cm above the orbital margin. Temporally, the surgical plane was beneath the subgaleal fascia on the superficial leaf of the deep temporal fascia. The fascial confluence at the temporal crest was broken from the lateral aspect, and the endoscope was inserted through a parasagittal port to facilitate this. Dissection of the temporal crest was completed and extended subperiosteally along the zygomatic process of the frontal bone to a level inferior to the zygomaticofrontal suture. The lateral and superolateral orbit was also dissected in the same plane with a curved elevator. Laterally, the "sentinel" vein was identified but not divided. With the endoscope in the sagittal incision, the frontal dissection was completed via the parasagittal ports. The supraorbital nerves were identified, with particular care taken of the deep, lateral branch when present. 4 The arcus marginalis was divided, and the corrugator, procerus, and depressor supercilii muscles were debulked while the supratrochlear nerve branches were protected. At this point, the brows were elevated and fixation was achieved.
In the first group of patients, 2 to 5 cc of fibrin glue was sprayed beneath the frontal periosteum as an aerosol. Elevation and lateral spreading were maintained by digital pressure 0.25% Bupivacaine with 1/200,000 adrenaline 25 ml 1% Lignocaine with 1/200,000 adrenaline 25 ml 1/1000 Adrenaline 0.5 ml Triamcinolone (40 mg/ml) 1.25 ml Hyaluronidase (1500 U)
1.0 ml while the glue set. In the second group, a small suction drain was first inserted to reduce swelling at the glabella, and brow elevation was achieved by sutures through bony tunnels. Using a 2.4-mm rose burr, two drill holes were made through each parasagittal port 60 degrees opposed to each other (Fig. 2) . A 2-0 polydioxanone suture was passed through the periosteum anterior to the incision and then through the drill holes. Appropriate tension was maintained with a skin hook while the sutures were tied. In both groups, lateral elevation was assisted by lifting the temporoparietal fascia and suturing it to the deep temporal fascia with 3-0 Monocryl sutures. Steri-Strips provided modest pressure at the glabella. Postoperative visits were arranged at 1 week, 1 month, and 6 months or as close to these intervals as was practically possible for patients to attend. The patients in both groups reliably attended for the 1-month visit, but there was a range in the longer follow-up times (group 1: mean 9.1 months, range 3 to 60 months; group 2: mean 9.7 months, range 3 to 23 months). The lengths of longer-term follow-up measurements were not significantly different for the two groups. The measurements made preoperatively were repeated, and outcomes and complications were assessed. Comparison of the pupil-to-brow height in the different groups was performed using the Student t test with the JMP statistics package (JMP Software, Cary, N.C.).
RESULTS
During the period of study, 538 consecutive endoscopic brow lifts were carried out on patients with a mean age of 50.3 years. Mean follow-up time was 9.4 months (range, 3 to 60 months). Of the patients treated, 511 (95 percent) were female and 27 (5 percent) were male. In the majority of patients (81.6 percent), a face lift was carried out simultaneously. The 99 patients who did not have a face lift were younger, with a mean age of 43.7 years. Table II demonstrates the distribution of face lift types. Approximately two thirds were "open" procedures, but in a third of patients (144 patients) an entirely subperiosteal, endoscopically assisted technique was used. In 214 patients (40 percent), an upper lid blepharoplasty was performed, but in the majority of patients it was not. Other ancillary procedures are listed in Table III . In each instance, the preoperative brow height was subtracted from the postoperative figure for each patient to express the change that had occurred following surgery.
Complications were uncommon and generally minor in nature, with no significant difference between the two study groups. Paresis of the frontal branch of the facial nerve was seen in only one patient (group 2), who experienced spontaneous recovery after 4 months. There was one infection (0.2 percent), which resolved with a combination of surgical drainage and antibiotic therapy (group 1). No hematomas were observed in the patients in this series. Alopecia, which was temporary in each case, was seen in five patients (at the vertex in two group 1 patients and in the temporal region in three group 2 patients). In one of the group 1 patients, alopecia was severe (Fig. 3) before spontaneous recovery. One patient, who had previously undergone upper lid blepharoplasty, experienced lagophthalmos (i.e., incomplete lid closure at night). She was treated by simple lubricants and nocturnal eye padding. Reoperation to lower the brows was offered but refused on aesthetic grounds.
Short-term postoperative headache was common, but one patient from group 1 (a doctor's wife) experienced severe neuralgic pain in the right frontal area that persisted for more than a year and was refractory to treatment. Frontal paraesthesia (supraorbital/supratrochlear) resolved in 3 months in all but three patients.
Fixation was with fibrin glue in 189 patients (group 1) and with sutures and drill holes in 349 patients (group 2). The preoperative brow height was subtracted from the postoperative figure for each patient to express the change that had occurred (Table IV) . This was done for each follow-up visit, and comparisons were made to evaluate stability. In group 1, there were 104 patients with fully completed records, and in group 2, there were 220 such patients. Within 1 month of the operation, the mean change was 5.93 mm in group 1 (fibrin glue) and 6.21 mm in group 2 (tunnel fixation). There was no significant difference between these two groups at the 1-month time point after surgery (p ϭ 0.17). At a follow-up interval of more than 1 month, the change was 3.79 mm in group 1 but 6.16 mm in group 2. This is a highly significant difference (p Ͻ 0.01), suggesting that a relapse of brow position had occurred in the fibrin glue-fixed patients while the drill hole and suture fixation had remained stable.
In comparisons of patients with and without upper lid blepharoplasty, in group 1 (at the end of the follow-up period), the mean change in pupil-to-brow height was 3.84 mm in those without blepharoplasty and 3.51 mm in those with blepharoplasty (p Ͼ 0.3). In group 2, the mean change in pupil-to-brow height was 6.27 mm with endoscopic brow lift alone and 6.14 mm with blepharoplasty (p Ͼ 0.4). Although the change in brow height was greater in each group without blepharoplasty, the difference was not significant.
Some patient examples demonstrate the comparative stability of the fixation techniques. Figure 4 shows a 50-year-old woman from group 1. Before her endoscopic brow lift, she had undergone considerable previous surgery elsewhere, including two blepharoplasties, skin grafting to the lower lids, and a face lift. Preoperatively, the pupil-to-brow distance was 1.8 cm, at 1 month after surgery it was 2.3 cm, and at 3 months it had relapsed to 2 cm. Nevertheless, there was an improvement in brow shape, which she specifically found to be favorable. The 38-year-old woman in Figure 5 had no previous surgery. Her preoperative pupil-tobrow measurement was 2 cm; 1 week after surgery it was 2.5 cm, but after 5 years it again was 2 cm. We had carried out a face lift for her in the interim but had performed no further brow surgery. Again, fixation was with fibrin glue, and again, although there was no sustained improvement in brow height, the shape of the brow, particularly laterally, was improved. Figure 6 shows a 60-year-old from group 2 with marked brow asymmetry. Brow height was 2.8 cm on the right and 2 cm on the left. Six months after the unilateral endoscopic brow lift with drill hole and suture fixation, brow height measured 2.8 cm for each brow. Figure 7 shows a 39-year-old woman before and after an endoscopic brow lift with suture and drill hole fixation and lower blepharoplasty. Preoperative measurement of pupil-tobrow height was 2.4 cm; at 7 months after surgery, it was 2.9 cm.
Five revisional surgical procedures were carried out. One patient from group 1 had a second endoscopic brow lift for relapse (i.e., insufficient brow elevation). Four patients from group 2 had minor revisions under local anesthesia for depressed lateral port scars.
DISCUSSION
The pioneers of aesthetic facial surgery, in the early part of the last century, recognized the need to address brow ptosis and forehead rhytids to achieve adequate and harmonious facial rejuvenation. Their initial limited approaches evolved over the ensuing 50 years into the "open" coronal lift, which became a * Fibrin glue and tunnel fixation were compared. The difference between pupil-to-brow height measurements at 1 month and after longer-term follow-up is also tabulated.
FIG. 4. (Left)
A 50-year-old woman from group 1 who had undergone surgery elsewhere, including two blepharoplasties, skin grafting to the lower lids, and a face lift. Preoperatively, the pupil-to-brow distance was 1.8 cm; at 1 month after surgery it was 2.3 cm. (Right) At 3 months, the distance had relapsed to 2 cm, although the patient maintained an improvement in brow shape.
commonly performed operation for effective rejuvenation of the upper third of the face. This historical development has been beautifully reviewed by Malcolm Paul. 5 In the United Kingdom, the coronal approach for brow lift never gained widespread popularity, which probably reflects an innate conservatism among both patients and surgeons that limited the potential outcome from facial rejuvenation surgery. The introduction of endoscopic approaches to the frontal area 1, 6 was, therefore, especially appealing. "Keyhole surgery" was known to the British public since it had received publicity in other surgical disciplines. Women who would not accept a coronal scar, seeing it as too major a procedure, may well accept limited-access incisions as being less invasive (whether or not this was true). Characteristically, plastic surgeons in the United Kingdom were wary of the new technique,
FIG. 5. (Left)
A 38-year-old patient with no previous surgery. Preoperative pupil-to-brow measurement was 2 cm; at 1 week after surgery it was 2.5 cm. (Right) After 5 years, the distance had again relapsed to 2 cm. Fixation was with fibrin glue, and although there was no sustained improvement in brow height, the brow's shape, particularly laterally, was improved. concerned that it may be a marketing gimmick without a sound scientific basis. Daniel Marchac had begun using forehead endoscopy in 1993, and it was after conversations with him that the senior author introduced it into his practice in 1994.
A considerable skepticism remained among professional colleagues, which stimulated the desire to acquire some objective data to assess the effectiveness of the technique from the start. Brow height measurements have been described previously, 7 are easy to measure, and should reflect the success of the procedure in achieving its prime objective of lifting the brow. A single vertical measurement of central pupil to the horizontal plane of the brow apex in direct forward gaze was chosen for simplicity and reproducibility. Any systematic error in making this measurement would have been apparent in preoperative and postoperative measurements and, if anything, would have made obtaining a significant difference more difficult. The accuracy of this measurement was previously documented and found to be reproducible in evaluating outcome in brow lift surgery. 7 The surgical technique was based on that described by Ramirez. 3 However, posterior scalp undermining was abandoned at an early stage because of problems with alopecia in five patients; this complication was not seen again. Fixation, however, was with fibrin glue, as described by Marchac et al., 8 since the senior author was already using it beneath face lift flaps. McKinney et al.'s publication in 1996 2 of a simple, elegant, and inexpensive fixation method using drill holes and sutures coincided with a personal disillusionment with fibrin glue. It was expensive, and in face lifts, it had not resulted in a hoped-for reduction in complications, contrary to the experience of others. 9 The drill hole technique was adopted and glue was abandoned, with the only variation from McKinney being the use of 2-0 polydioxanone sutures for fixation rather than Vicryl. The change in fixation methods had not been stimulated by patient dissatisfaction.
Objective assessment of outcome, or even of change, in aesthetic surgery is notoriously difficult. Marchac et al.'s review of 206 patients 8 graded results as excellent, good, mediocre, or poor. Although measurements had been taken, they were not quoted. Troilius 10 introduced some objectivity by comparing brow measurements, taken from photographs, in two groups of patients (120 patients in all). The first group underwent open, coronal, subgaleal brow lifts; the second group underwent endoscopic, subperiosteal lifts secured by a screw. He found the subperiosteal lifts to be more stable. However, two very different techniques were being compared with many variables other than the fixation method. Our study compared two essentially identical groups of patients undergoing the same operation performed by the same surgeon, with the only variable being the method of brow fixation. Both techniques produced similar results in terms of brow elevation over the first postoperative month, but after this the group fixed with fibrin glue relapsed whereas those secured with sutures through bony tunnels did not. An experimental study has suggested that sound periosteal adherence takes 6 to 12 weeks to occur, 11 and although these data are from rabbits, they lend weight to the notion that support is necessary for more than a few days for stability to be assured.
A change in measurement is not the sole arbiter of a successful aesthetic procedure. However, for an operation designated a brow lift, maintenance of that lift must be an essential goal. This is measurable. It should be emphasized that patients in the fibrin glue group did not, for the most part, express dissatisfaction with the results. Taken in isolation, this is an unreliable "measure" of outcome, although it has been used by others to justify a fixation technique. 12 It is noteworthy that only one patient in group 1 underwent surgical revision for relapse. We assume that a persisting improvement in brow shape led to satisfaction with the outcome.
Our findings may be criticized in that the two patient groups are consecutive and a "learning curve" may have been involved. However, they have a particular validity in that the measurements and their analysis were independent and the study had not been designed initially to demonstrate the effectiveness of one technique over another. An observation against the difference being due to a learning curve effect was that the early result at 1 month was the same in both types of fixation. The significant difference observed in the late result was therefore only due to relapse rather than an inadequate outcome from original surgery. By the commencement of the study, the senior author had been in established craniofacial surgery for 9 years and so was very familiar with brow dissection.
There has been much debate (but little objective data) about fixation methods in endoscopic brow surgery, and the various available techniques have been comprehensively reviewed by Rohrich and Beran. 13 The suture and drill hole procedure is stable and avoids many of the disadvantages of other methods-particularly alopecia, which is always a risk when tension is placed on hair-bearing scalp 12 -and the need to remove transcutaneous screws or other hardware. It is cheap, quick, and easy to perform. As noted by others, 2 it is prudent to avoid drilling holes over the sagittal sinus or the middle meningeal artery, but these structures do not underlie the desired points of elevation and so do not represent a problem. In our series of 349 patients, there was no incidence of perforation of the inner table of the skull, cerebrospinal fluid leak, or troublesome bleeding. We fear that Vicryl does not provide adequate support for a sufficient period of time for periosteal adherence to occur 14 and so we favored polydioxanone sutures. Although minor revisional surgery was necessary for depressed lateral port scars in four patients, this represents an incidence of 1 percent and the operations were carried out simply, under local anesthesia in the office.
When upper blepharoplasty was combined with endoscopic brow lifting, the degree of elevation was reduced. This was not statistically significant but was in accordance with previously reported findings 10 and was despite the brow surgery always being carried out first. Particular care is necessary in patients who have previously undergone upper blepharoplasty but have persisting brow ptosis; in these patients, endoscopic brow lifting with secure fixation may produce lagophthalmos, particularly at night, with resulting dry eyes and soreness. This occurred in only one patient in our series; despite ocular symptoms, she refused further surgery to reverse the brow lift because she liked the appearance of the brow elevation. The majority of patients in this study had a simultaneous face lift performed along with the endoscopic brow lift. The technique of face lifting was such that no change in temporal hairline was intended or produced. In any event, it was for this specific reason that only pupil-to-maximal brow apex vertical height was used, as face lifting would not alter the peak brow height.
CONCLUSIONS
The endoscopic brow lift is a predictable procedure for rejuvenation of the upper third of the face or correction of asymmetry with minimal complications. Fixation with sutures via bony tunnels is simple to perform, inexpensive, and secure, whereas fixation with fibrin glue may be unstable after 1 month, giving a significant degree of long-term relapse in brow elevation.
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